A fixed biofilm reactor system composed of anaerobic, anoxic(1), anoxic(2), aerobic(1) and aerobic(2) reactor was packed with synthetic activated ceramic (SAC) media and adopted to reduce the inhibition effect of low temperature on nitrification activities. The changes of nitrification activity at different wastewater temperature were investigated through the evaluation of temperature coefficient, volatile attached solid (VAS), specific nitrification rate and alkalinity consumption. Operating temperature was varied from 20 to 5 ℃. In this biofilm system, the specific nitrification rates of 15 ℃, 10 ℃ and 5 ℃ were 0.972, 0.859 and 0.613 when the specific nitrification rate of 20 ℃ was assumed to 1.00. Moreover the nitrification activity was also observed at 5 ℃ which is lower temperature than the critical temperature condition for the microorganism of activated sludge system. The specific amount of volatile attached solid (VAS) on media was maintained the range of 13.6-12.5 mg VAS/g media at 20~10 ℃. As the temperature was downed to 5 ℃, VAS was rapidly decreased to 10.9 mg VAS/g media and effluent suspended solids was increased from 3.2 mg/L to 12.0 mg/L due to the detachment of microorganism from SAC media. And alkalinity consumption was lower than theoretical value with 5.23 mg as CaCO3/mg NH4 + -N removal at 20 ℃. Temperature coefficient (θ) of nitrification rate (20 ℃ ~ 5 ℃) was 1.033. Therefore, this fixed film nitrogen removal process showed superior stability for low temperature condition than conventional suspended growth process.
Introduction1 )
Biological nutrient removal (BNR) process, consisted of nitrification and denitrification has been widely applied to remove nitrogen and phosphorous from domestic and industrial wastewater. As conventional BNR processes were generally used to maintain the microorganisms by suspended growth, these processes have been suffered from outflow of microorganisms, loss of microbial activity at low temperature near by 10 ℃. Especially, once the wastewater temperature is downed to near by 5℃, the activity of nitrifying bacteria is almost entirely disappeared in case of suspended growth (Isaka et al., 2007) In the winter season, normal temperature is downed to sub-zero and wastewater temperature is downed under 10 ℃ at some municipal sewage treatment plant (MSTP) in Korea. Biological nutrient removal process in MSTP has been suffered severe problem of stable operation due to the low temperature.
Therefore, various kinds of biofilm processes have been proposed and adopted to remove high rate nutrients stably through nitrification, heterotrophic and autotrophic denitrification process (Nam et al., 1998; Byun et al., 2005; Zheng et al., 2007) .
Moreover, these biofilm processes have been proved advantageous in the maintaining long SRT (solid retention time), composition of compact process and stable process operation for the environmental disturbance period than suspended growth processes (Metcalf & Eddy, 1991; Park et al., 1998) . Environmental disturbances generally mean the change of temperature, flow rate, substrate condition and toxic influent. Especially, nitrifying bacteria is very sensitive and inhibited to the change of environmental conditions. And these nitrifying bacteria group has a lower biomass growth yield than heterotrophs in BNR processes. Moreover, nitrification just could be occurred after consumption of organic carbon. Therefore, nitrification is rate limiting step in biological nitrogen removal process (Takai et al., 1997) . When the water temperature is under 10 ℃, nitrification activity is severely decreased and nitrification may not fully performed (Oleszkiewicz and Berquist, 1988; Choi et al., 1998) . Thus, it is needed to characterize the nitrification performance at various temperature conditions containing very low temperature for the stable and high rate operation of nitrogen removal process.
This study was aimed to specify the temperature effects on the process performance of a fixed film biological nutrients removal at 20, 15, 10 and 5 ℃ through the investigation of specific VAS (volatile attached solids) amount, nitrification capacity, SRT, alkalinity consumption and temperature coefficient. 
Materials and Methods

Experimental setup
Where Kt is specific nitrification rate at the wastewater temperature of t ℃ (mg NO3 --N/g VSS/d); K20 is specific nitrification rate at the wastewater temperature of 20 ℃ (mg NO3 --N/g VSS/d); θ is temperature coefficient (Takai et. al., 1997) . (Takai et al., 1997) . However, temperature coefficient (θ) of conventional activated sludge system was 1.08 (Richard et al., 1998) and this means that the specific nitrification rate of suspended growth system is highly dependent on the temperature and easily inhibited by low temperature.
Therefore, it is expected that the biofilm process could give more stability and nitrification efficiency although the ambient temperature is widely change.
Temperature SRT was shortened from 94.9 day to 34.6 day as temperature was downed from 20 ℃ to 5 ℃.
Otherwise, VAS was not severely changed until the temperature was downed to 10 ℃. VAS was 13.6, 13.1, 12.9, 10.9 mg VAS/g Media at each temperature condition of 20, 15, 10, 5 ℃. Theses results mean that microbial activities and growth rate in the biofilm were not severely inhibited by the low temperature condition. (1) and VAS of aerobic (1) at different temperature condition. 
Alkalinity consumption in the nitrification
Conclusions
Temperature effects on the nitrification in a fixed bed biofilm process was investigated through the evaluations of temperature coefficient by specific nitrification rate, VAS and SRT variation, and alkalinity consumption.
Temperature coefficients (θ) of nitrification for 20 ℃ versus 5 ℃ was 1.033 in a SAC media packed biofilm reactor.
Though SRT was shortened from 94.96 days to 34.6 days as the wastewater temperature had been downed from 20 ℃ to 5 ℃, VAS was not severely changed.
The alkalinity consumption was lower than the theoretical ratio and this means that aerobic denitrification could be occurred in the bottom layer of aerobic nitrifying biofilm due to the limitation of oxygen penetration. Therefore, the SAC media packed biofilm process is expected to give more stability and nitrification efficiency although the ambient temperature is widely change.
